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METCO I n c .  
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Cur ren t  s t a t e - o f - t h e - a r t  thermal  b a r r i e r  c o a t i n g  (TBC) systems c o n s i s t  o f  
p a r t i a l l y  s t a b i l i z e d  z i r c o n i a  c o a t i n g s  plasma sprayed over  a M C r A l Y  bond coa t .  
A l though these systems have e x c e l l e n t  thermal  shock p r o p e r t i e s ,  t hey  have shown 
themselves t o  be d e f i c i e n t  f o r  a number o f  seve ra l  d i e s e l  and a i r c r a f t  a p p l i c a t i o n s .  
Two new t e r n a r y  ceramic plasma c o a t i n g s  a r e  d iscussed w i t h  r e s p e c t  t o  t h e i r  
pos:;ible use i n  TBC systems. Z i r c o n i a - c e r i a - y t t r i a  (ZCY) c o a t i n g s  have been 
developed w i t h  l ow  thermal  c o n d u c t i v i t i e s ,  good thermal  shock r e s i s t a n c e  and 
improved r e s i s t a n c e  t o  vanadium c o n t a i n i n g  environments,  when compared t o  t h e  
b a s e l i n e  y t t r i a  s tab i1 , i zed  z i r c o n i a  ( Y S Z )  c o a t i n g s .  I n  a d d i t i o n ,  dense 
z i r c o n i a - t i t a n i a - y t t i r a  ( Z T Y )  c o a t i n g s  have been developed w i t h  p a r t i c l e  e r o s i o n  
r e s l s t a n c e  exceeding conven t iona l  s t a b i l i z e d  z i r c o n i a  c o a t i n g s .  
Both c o a t i n g s  have been eva lua ted  i n  c o n j u n c t i o n  w i t h  a NiCr-Al-Co-Y203 
bond c o a t .  A lso,  m u l t i l a y e r  o r  hyblr id c o a t i n g s  c o n s i s t i n g  o f  t h e  bond c o a t  w i t h  
subsequent c o a t i n g s  o f  z i r c o n i a - c e r i a - y t t r l a  and z l r c o n l a - t i t a n i a - y t t r l a  have been 
eva lua ted .  These c o a t i n g s  combine t h e  enhanced performance c h a r a c t e r i s t i c s  o f  Z C Y  
w i t h  t h e  improved e r o s i o n  r e s i s t a n c e  o f  Z T Y  c o a t i n g s .  
Improvement i n  t h e  e r o s i o n  r e s i s t a n c e  o f  t h e  TBC system should r e s u l t  i n  a 
more c o n s i s t e n t  A T  g r a d i e n t  d u r i n g  s e r v i c e .  Economical ly ,  t h i s  may a l s o  t r a n s l a t e  
i n t o  i nc reased  component l i f e  s imp ly  because t h e  c o a t i n g  l a s t s  l o n g e r .  
TABLE I .  - HOT P A R T I C L E  E R O S I O N  
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TABLE 11. - SPRAY PARAMETERS 
PLASMA GUN 
NOZZLE 
POWDER PORT 
GAS TYPE 
SPRAY 
DISTANCE (MM) 
SPRAY RRTE 
(GMS/MIN) 
PRESSURE: 
PRIMARY 
SECONDARY 
FLOW: 
P R I M A R Y  
SECONDARY 
CURRENT 
UOLTflfiE 
COATING 
YTTRIA CERIA Z IRCONIA 
STAB I1 I ZED STAB I L I ZED TITANIA 
Z I R C O N I A  Z I RCONl A Y lTRIA  COMPOSITE 
9MB 
732 
#2 
ARGUN/HYDROGEN 
65 
45.4 
100 
50 
80 
15 
600 
70 
1 
100 
451.4 
' I  5 
50 
80 
15 
600 
70 
;2 
9MB 9MB 
732 730 73 I 
#2 #2 #2 
AR/H2 N2/H2 ARGON/HYOROGEN 
too 100 76 
45.4 45.4 37.8 
75 50 
50 50 
100 
50 
80 75 75 
15 15 15 
600 500 600 
70 80 70 
3 4 5 
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COATING #5 
F i g u r e  4 .  - Z i r c o n i a ,  t i t a n i a ,  y t t r i a  c o a t i n g  m i c r o s t r u c t u r e  ( ~ 1 0 0 ) .  
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T A B L E  111. - POWDER C H A R A C T E R I S T I C S  
YTTRIA CEEIA Z! RCCNl A- 
STABILIZED STABILIZED ZI FCONl A TITO.NI A-YTTRI A 
ilRCONl A WITH V T T G i k  c o w  POWDER 
!,lOM I N AL 
CHEMIZTRY (WT% ZIRCONIA BASE ZlRCONiA BASE ZIRCONIA B A Y  
YTTRIA - e% CERIA - X Z  TITANIA-  182 
YTTRlA - 2.52 $TTRIA - 1 C% 
POWDER SiZE - 120 MESH -I 73 RE% -200 ME5H 
+ I O  MICROKS + 1 0 I?! CRONS IO MI CRGNS 
POWDER 
MORPHOLOGY PRE-STABILIZED PRE-STABIL IZED SPHERICAL 
SPHERICAL SPHERI C M  SPRAY DRIED 
POWDER POWDER COMPOSITE 
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